Most plant cells can accumulate K + to concentrations much higher than those in the external medium. Recent studies are providing new insights into the relative roles of channels and transporters in K + accumulation. These studies are also pointing to specific roles for K + channels and transporters in polarized development.
Potassium is an essential element in all cells. It is required for osmotic regulation and the electrical properties of membranes, and provides an ionic environment that is compatible with a very wide range of enzymatic activities and metabolic processes. For many higher plants, K + is present in the external medium at concentrations that are several orders of magnitude lower (µM) than those in the cell (>100 mM). The external K + concentration can also vary within a wide range, and it is not surprising that higher plants possess a variety of K + accumulation mechanisms [1] [2] [3] .
The conventional 'pump and leak' view of membrane ion transport considers active uptake to occur via the action of pumps or transporters. These can couple chemical energy from the hydrolysis of ATP (ATPases) or the energy stored in other ionic gradients (symporters or antiporters) to the movement of a particular ion against its electrochemical potential gradient. Ion fluxes down their respective electrochemical potential gradients are mediated by channels. K + uptake by plant roots shows both low and high affinity uptake kinetics [2] , indicating the operation of different types of K + uptake transporter.
Recent studies, however, have blurred the distinction between the roles of channels or transporters, indicating that K + uptake though channels may be involved in both high and low affinity uptake. It is also becoming clear from work with polarized cells such as root hairs and pollen tubes that K + channels or transporters may play cell-specific roles related to polarized growth. External K + is absolutely required for polarized growth [4, 5] and it has long been recognized that K + accumulation is required for the generation of turgor that is necessary for polarized growth. It now seems likely that K + uptake through particular channels or transporters may have functions in addition to providing the osmotic driving force for polarized growth.
Higher plants possess a subfamily of K + -selective channels that belong to the Shaker family that allow K + influx [ It is perhaps not surprising that a K + channel is required for pollen tube growth. The results reported by Mouline et al. [5] , however, go further in showing that spik mutants have defective pollen tube growth at all external K + concentrations tested between 5 µM and 1 mM. These concentrations cover the range of both high and low affinity K + transporters, implying that SPIK channels may be involved in high affinity K + uptake at sufficiently negative membrane potentials. The SPIK channel also showed strong sensitivity to external pH suggesting a close coupling between K + and H + fluxes. Measurement of the current carried by SPIK channels suggested that they could carry the main K + influx associated with growth. This contrasts with the indication from other studies ( [6, 7] for example) that the pollen membrane potential is insufficiently negative to allow channel-mediated K + uptake.
There is, however, good evidence from other studies showing that, in other cell types at least, K + channels may mediate high-affinity uptake. The growth characteristics of Arabidopsis mutants defective for another inwardly rectifying K + channel, AKT1, indicated that they were disrupted in high-affinity K + uptake [8] . Further dissection of AKT1 function, comparing K + fluxes in akt1 mutant and wild-type plants, provided further support for the involvement of AKT1 in high-affinity K + uptake [9] . The generation of single and double knockout mutants of AKT1 and AKT2 showed that AKT1, but not AKT2, mediates growth-sustaining K + uptake by roots under rate-limiting K + availability [10] .
The cell-specificity of SPIK expression and its requirement for pollen tube elongation over a wide range of K + concentrations strongly suggests a role that may be specific to polarized pollen tube growth. [18] . One possibility is that K + entry through either TRH-like transporters or K + channels may regulate the activity of hyperpolarization-activated calcium channels that have been shown to be present in Arabidopsis root hair apices [19] by limiting the membrane hyperpolarization brought about by the activity of the H + pump. Hyperpolarization-activated calcium channels allow Ca 2+ influx in response to membrane hyperpolarization and their activity, shown in patch clamp studies to be higher at the root hair apex, may underlie the elevated cytosolic Ca 2+ at the root hair apex. Elevations of Ca 2+ and H + at the growing apex, as in root hairs, appear to be essential features of pollen tube polarized growth. Ca 2+ and pH in this region both show regular oscillations in relation to growth rate [7, 8, 20] . Recently Messerli et al. [7] , using external ionselective self-referencing electrodes, recorded inward K + and H + fluxes at the pollen tube apex that were balanced by H + efflux from the pollen grain. The K + and H + influxes occurred as pulses that were in phase with one another, and their magnitude was dictated by the size of the preceding growth pulse. Similarly, influx of Ca 2+ was also shown to be coincident with, but an order of magnitude lower than, the H + and K + fluxes. While parallel measurements have not been made with Arabidopsis pollen, it is tempting to conclude that SPIK channels may underlie a polarized K + influx similar to that found in lily pollen.
The cellular localization of SPIK and TRH in the pollen tube or root hair respectively, together with measurements of K + and H + fluxes in mutants compared with wild-type plants and consequent effects on apical Ca 2+ and pH gradients will be required to understand more fully the essential roles of these K + transport processes in polarized cell growth. 
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